Introduction {#Sec1}
============

Hip fracture (HF), the most serious complication of osteoporosis and one of the most devastating diseases of older adults, is an important public health problem \[[@CR1]\]. The burden of HF due to a high incidence, health impact and cost is expected to increase significantly over coming decades because of rapid population ageing. Identification of the main risk factors for HF is a prerequisite for developing preventative strategies and allocation of health and welfare resources.

Although in older age the incidence of both HF and dementia increases exponentially, the relationship between these two diseases is not well understood. Dementia and cognitive impairment are regarded as risk factors for HF in some studies \[[@CR2]--[@CR5]\] but are not listed in others \[[@CR6]--[@CR9]\]. It has been reported that patients with dementia are more likely to have HF \[[@CR10]--[@CR15]\]. Dementia is often diagnosed at the time of HF \[[@CR10], [@CR12]\]. Among patients with Alzheimer's disease, the increased risk of HF has been reported to be 2.1- \[[@CR16]\] to 2.4- \[[@CR13]\], to 2.7- \[[@CR12]\], to 6.9-fold \[[@CR17]\]. However, no significant difference in bone density of women with mild dementia compared with normals was found \[[@CR18]\]. In some studies, HF was associated with dementia only in women but not in men \[[@CR13]\] whereas others reported a 3.6-fold increased HF in men and a 2.6-fold increase in women with Alzheimer's disease \[[@CR12]\]. HFs were increased 12-fold in a psychiatric hospital compared with the general population in men and 7-fold greater in women \[[@CR19]\].

We are unaware of published data concerning the community prevalence of pre-HF dementia in older people with HF. In one study of institutionalised people in Canada, persons with HF were two times more likely to have Alzheimer's disease \[[@CR16]\]. Thus, although several previous studies involving older adults have shown an increased risk of HF in demented subjects, the data remain controversial, the effect of residential status is unknown and no systematic study on prevalence of dementia prior to HF has yet been undertaken. Consequently, relevant preventive strategies have not been identified. Therefore, the objectives of our study were (1) to estimate the prevalence of dementia in older people with HF and (2) to evaluate the significance of dementia and residential care as risk factors for HF. We hypothesised that dementia is a prevalent condition in older HF patients and is an important risk factor for HF, especially in older subjects living in long-term residential facilities.

Materials and methods {#Sec2}
=====================

About 1.6% of the Australian population lives in the ACT. All patients with HFs are referred for specialist surgical assessment and treatment to the Canberra Hospital only. As all patients with HF are treated in one hospital with a centralised, comprehensive, electronic medical record system used by all medical care providers, the ACT is well suited for studies of disease associations. We prospectively collected data on older HF patients from July 2000 to July 2004. All patients were aged 60 years and older and had low-energy hip fracture. Patients with subtrochanteric fracture or pathological HF related to known primary or metastatic bone cancer, multiple myeloma or Paget's disease were excluded. Pre-fracture dementia (of any type) was diagnosed by local medical officers and/or geriatricians. There was substantial overlap between cases classified as Alzheimer's disease and vascular dementia, with a high frequency of mixed dementia. In this study, subtypes of dementia were not analysed separately. Because HF and perioperative events may unmask or contribute to significant and persistent cognitive impairment, subjects in whom dementia was first diagnosed after hospitalisation and surgery were considered in this analysis as "non-demented". Age- and gender-specific prevalence rates of dementia among patients with HF in ACT were compared with the rates of dementia in the ACT population \[[@CR20]\]. The population of the ACT was calculated using data obtained from the Australian Bureau of Statistics \[[@CR21]\]. The population of the ACT from 2001 to 2004 increased from 319,317 to 324,119, with a mean of 322,078.

Data are presented as the mean±SD. The unpaired *t* test was used to determine the significance of any difference between HF patients with and without dementia. Group differences of categorical data were tested by chi-square (χ^2^) analysis with Fisher's exact test. Logistic regression analysis was used to assess in HF patients the association between dementia and age, gender, co-morbid conditions, use of walking aids and residential status.*P* values less than 0.05 were considered statistically significant. All statistical procedures were performed using statistics software Stata version 7, State Press, TX, USA. The ACT Health and Community Care Human Research Ethics Committee approved the study.

Results {#Sec3}
=======

Characteristics of older hip fracture patients and prevalence of dementia {#Sec4}
-------------------------------------------------------------------------

The mean annual incidence of HF in persons aged 60 years and older in the ACT was 341.3 per 100,000. Of 555 consecutive older persons hospitalised with non-pathological low-impact trauma HF, 176 (31.7%) were diagnosed with dementia prior to the fracture. Dementia was the second most common co-morbid condition after hypertension (42.2%). The demographic and clinical characteristics of older patients with HF categorised by pre-fracture diagnosis of dementia are given in Table [1](#Tab1){ref-type="table"}. The HF patients with dementia compared with those without dementia were significantly older, more often had cerebrovascular disease including history of stroke and more often used walking aids. The majority (65.9%) of demented patients lived in long-term residential care facilities. In both groups, the proportion of women, patients with cervical or trochanteric HF, with hypertension and a history of myocardial infarction, atrial fibrillation, Parkinson's disease or chronic pulmonary obstructive disease as well as smokers (including ex-smokers and current smokers) and alcohol over-users were similar. Table 1Demographic and clinical characteristics in older patients with hip fracture (HF) by pre-fracture diagnosed dementiaCharacteristicWith dementia (*n*=176)Without dementia (*n*=379)*P* valueAge (years±SD)84.5±6.181.7±8.50.001 Women (%)77.872.60.111Cervical HF (%)55.159.10.428Trochanteric HF (%)44.940.90.214Hypertension (%)37.644.60.072Coronary artery disease (%)30.620.60.070History of myocardial infarction (%)5.85.30.469History of stroke (%)20.58.30.001Cerebrovascular disease (%)30.814.80.001Atrial fibrillation (%)14.313.10.404Parkinson's disease (%)4.74.70.575Chronic pulmonary obstructive disease (%)12.69.00.120History of smoking (%)12.215.00.452Alcohol over-users (\>4 drinks/day) (%)3.57.10.066Use of walking aids (%)43.629.80.001Institutionalisation (%)65.919.80.001

All variables associated with pre-fracture dementia from Table [1](#Tab1){ref-type="table"} were further examined. Multiple logistic regression analysis revealed that in HF, age, history of stroke and institutionalisation were independently and significantly associated with dementia (Table [2](#Tab2){ref-type="table"}). Table 2Association between dementia and selected socio-demographic and clinical characteristics in older patients with hip fracture: multivariate logistic regression analysisCharacteristicOdds ratio95% CI*P* valueAge1.031.00--1.060.036Male gender0.960.59--1.570.864History of stroke2.221.23--4.000.008Institutionalisation6.744.45--1 .210.001All variables listed in Table [1](#Tab1){ref-type="table"} were analysed; variables that were not significant, except gender, are not shown*CI* confidence interval

Risk of hip fracture in patients with dementia {#Sec5}
----------------------------------------------

Table [3](#Tab3){ref-type="table"} shows the prevalence of dementia in patients with HF and in the general population in the ACT. Both the prevalence of HFs and dementia increased exponentially with age. While the prevalence of dementia was not affected by gender, the proportion of women with HF after the age of 85 years was significantly higher than the proportion of men with HF (48.5% vs. 37.1%;*p*=0.023). Overall, the RR for HF in older persons with dementia was 6.3 times higher than in those without pre-fracture diagnosed dementia. The highest RRs were observed in the groups aged 60--74 and 75--79 years. In demented persons aged 80--84 and ≥85 years compared with non-demented, the risks of HF were lower (2.2--2.7 and 1.5, respectively) but still highly significant (*p*=0.001) for women and for both genders combined. RR was not statistically significantly elevated only for men 85 years of age and older. However, 62.9% of HFs occurred in men before the age of 85 years, and the number may be too small to draw a firm conclusion. In total, the annual rates of HF in older demented persons were 2.76% for women, 1.23% for men and 2.15% for both genders combined while in the groups of non-demented people they were 0.33%, 0.15% and 0.25% respectively. Figure [1](#Fig1){ref-type="fig"} demonstrates the rates of HF per 100,000 person-years in four age groups with and without dementia. Total rates increased in the demented population from 366 among 60--74 year olds to 3,510 among subjects 85 years and over and in the non-demented population from 58 to 1,888, respectively. Table 3Prevalence of dementia (D) in patients with hip fracture (HF) and in the general population in Australian Capital Territory (ACT) in 2001--2004Age (years)Patients with HFACT populationRelative risk (95% CI)*P* ValueD*n* (%)TotalD*n* (%)TotalMen60--743 (10.3)29260 (1.9)136675.44 (1.3--15.0)0.00975--795 (25.0)20155 (5.8)26574.3 (1.6--8.5)0.00280--8413 (31.7)41185 (11.9)15572.7 (1.6--4.1)0.001≥8518 (34.0)53188 (23.2)8121.5 (0.9--2.1)0.092Total39 (27.3)143788 (4.2)186936.5 (4.8--8.4)0.001Women60--744 (9.5)42218 (1.5)142696.2 (2.0--15.5)0.00175--7926 (36.6)71215 (6.3)33975.8 (4.0--7.8)0.00180--8427 (27.3)99298 (12.6)23562.2 (1.5--3.0)0.001≥8580 (40.0)200510 (26.3)19381.5 (1.3--1.8)0.001Total137 (33.3)4121240 (5.6)219595.9 (5.1--6.8)0.001Both genders60--747 (9.9)71478 (1.7)279365.8 (2.6--14.2)0.00175--7931 (28.2)91370 (6.1)60545.6 (4.0--7.4)0.00180--8440 (28.6)140483 (12.3)39122.3 (1.7--3.0)0.001≥8598 (38.7)253698 (25.4)27501.5 (1.3--1.8)0.001Total176 (31.7)5552048 (5.0)406526.3 (5.5--7.1)0.001Fig. 1Age-specific incidence rates (per 100,000 person-years) of hip fractures (HF) in the Australian Capital Territory (ACT) population (2000--2004) for those with and without dementia in men (**a**), women (**b**) and total (**c**)

Effects of residential status and dementia {#Sec6}
------------------------------------------

About one third (191/555) of all HFs in older persons occurred in people living in long-term residential care facilities. Of 176 HF patients with dementia, two thirds were living in residential care prior to fracture. Table [4](#Tab4){ref-type="table"} demonstrates RR for HF in older persons with and without dementia living in long-term residential care facilities. For institutionalised older people, the risk of HF was 5.3 times greater than for independently living persons. Residents of long-term-care facilities with dementia compared with the non-demented community-dwelling population had a 16.3-fold increase in risk of HF. Table 4The influence of dementia and living in long-term residential care facilities (RCF) on the relative risk of hip fracture (HF) in older adults in the Australian Capital Territory (ACT)CharacteristicPatients with HFACT population (≥60 years)Relative risk (95% CI)*P* valueFrom RCF*n* (%)TotalInstitutionalisedTotalPeople in RCF191 (34.4%)5552,070 (5.1%)40,6525.3 (4.6--6.0)0.001People with dementia116 (65.9%)1761,603 (3.9%)3,8137^a^16.3 (14.4--18.2)0.001^a^ Total ACT population aged 60 years and over without dementia living at home

Discussion {#Sec7}
==========

This study has four main findings: (1) about one third of all older persons with HF had a pre-fracture diagnosis of dementia; (2) a 6.3-fold increased risk of HF was found for older persons with clinically evident dementia compared with those without; (3) this risk is a further 2.6 times higher for demented people living in long-term residential care facilities; and (4) the young-old (60--79 years) with dementia have a higher RR of HF than the old-old (≥80 years) with dementia diagnosed prior to HF admission.

To our knowledge, this is the first community-wide study focusing on the prevalence of and characteristics associated with dementia in older persons with non-pathological HF. In the present prospective study, 31.7% of 555 consecutive older HF patients were diagnosed with dementia prior to HF. Others have reported pre-fracture dementia or cognitive impairment in 28% of HF patients \[[@CR22]\]. In HF patients, dementia was the second most common co-morbid condition after hypertension (31.7% and 42.2%, respectively), and it was significantly and independently associated with history of stroke, living in a long-term health care facility and age. These data are in agreement with the high prevalence of post-stroke dementia \[[@CR23]--[@CR25]\], the well-known relationship between dementia and age and the fact that dementia is the most potent risk factor for institutionalisation \[[@CR26], [@CR27]\].

We found that among older (≥60 years) persons with HF, one in three had a pre-fracture diagnosis of dementia or had been living in a long-term residential care facility, one in five was demented and institutionalised and one in eight had suffered a stroke. Of HF patients with dementia, two thirds were living in residential care facilities and one third had suffered a stroke. This indicates the need to develop preventive strategies for HF focusing on older people with dementia, especially those living in long-term-care facilities and with cerebrovascular disease.

We found a 6.3-fold increased risk of HF in older Australians diagnosed with dementia of any type. In our study, dementia was a more important factor for HF than in other reports from USA \[[@CR12], [@CR17]\] and Canada \[[@CR16]\]. Our risk factor estimates lie toward the upper end of the range of risk-factor estimates found in other studies. However, previous studies included only patients with Alzheimer's disease and have not examined all subtypes of dementia. Pooled data from 11 European populations showed that of all dementia cases, 53.7% suffered Alzheimer's disease and 15.8% vascular dementia \[[@CR28]\]. The differences may also reflect a more complete case ascertainment of patients with HF. In Australia, all patients with HF are referred to a hospital, and The Canberra Hospital is the only facility for acute orthopaedic assessment and treatment of such patients in an area with a population of about 320,000. Thus, we are well positioned to develop reliable incidence rates for HFs.

Our data revealed a significant association between HF and dementia for all age groups in both genders combined, and in women, and in men up to 85 years of age. One study found that dementia is associated with HF only in women \[[@CR13]\] whereas others reported the opposite, namely, that risk of HF in demented men is higher than in women \[[@CR12], [@CR19]\]. The reason for this is unclear.

A recent analysis has shown no significant difference in prevalence rates for dementia (after standardising for age and gender) between different Australian states and territories \[[@CR20]\]. It was estimated that in 2005, the number of Australians with dementia would pass the 200,000 mark and reach 1% of the population. Extrapolating our results nationally, this translates into 4,300 older demented persons at particular risk of HF. In Australia, the prevalence of both HF \[[@CR29]\] and dementia \[[@CR30]\] is projected to quadruple by 2050, and this will have a dramatic effect on the healthcare system and its resources. With the prolongation of life expectancy, the worldwide projections for these devastating diseases are similar \[[@CR31], [@CR32]\]. The expected increase in the number of demented people with HF should prompt targeted prevention strategies, including prevention and treatment of osteoporosis and falls interventions and should include modifiable risk factors for cognitive impairment, especially vascular. There should be a focus on persons diagnosed with dementia (of any type) and people living in long-term residential care.

A recently published study showed an independent relation between HF and Alzheimer's disease and concluded that "mechanisms other than falling and osteoporosis must be involved in HF" \[[@CR33]\]. Our observation that dementia is more strongly associated with HF in the young-old age than in the old-old age supports the view that age-related increase in bone frailty is not the only cause of this association. The mechanisms that link dementia and HF are likely to be multiple, as both conditions demonstrate overlapping pathophysiological characteristics (hypovitaminosis D, secondary hyperparathyroidism, dysregulation in calcium homeostasis, weight loss and genetic abnormalities). These require further evaluation. Meanwhile, the most likely explanation for the differing strength of association of dementia with HF across older ages is that in the old-old, factors other than those related to dementia cumulatively contribute to explain much of the variance at that later age. Consequently, the relative influence of dementia at ages between 60 and 80 years may appear to be much greater.

Finally, we found that residents in long-term-care facilities compared with the community-dwelling population have a HF risk of 5.3. In previous reports, the risk of HF in older institutionalised people varied between 3.3 \[[@CR34]\] and 5.8--7.6 \[[@CR35]\]. However, our study also showed that in older persons with dementia living in residential care, the RR of HF compared with non-demented older adults living in the community reached 16.3, which is 2.6 times higher than in the total demented population and three times higher than in institutionalised people without dementia. Residents with dementia fall approximately two times more often than their counterparts without dementia \[[@CR36]\]. Therefore, people living in long-term-care residential facilities, especially those with dementia, should be a clear target in HF preventive strategies.

Some limitations of this study should be mentioned. The diagnosis of dementia by different doctors is of potential concern. However, our analysis of dementia in patients with and without HF rely on the diagnosis by the same group of family doctors and specialists, and HF patients were categorised on diagnoses of dementia prior to the HF; therefore, it is unlikely that ascertainment would systematically differ between HF patients and the total population. Importantly, in all HF patients presenting with dementia, the diagnosis was confirmed by the consulting geriatrician in the hospital. The estimates of the prevalence of dementia in HF patients discharged after fracture repair were higher, but these data were not included in the present analysis. If the total (pre- and post-HF) number of demented patients with HF were considered, the association between dementia and HF would be even stronger. The generalisability of our findings to other populations is limited, as only a few non-white older adults were represented in our study.

In summary, our study demonstrates a high prevalence of dementia among HF patients and a 6.3-fold risk for HF in older persons with dementia, with a further 2.6 increase of this risk in demented people living in institutions. These data may be useful in health policy decisions and should prompt targeting of HF prevention strategies, planning and allocation of resources and prioritising prevention and research efforts.
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